Introduction
Several decades ago it was suggested that the emergence of universal welfare states might eventually lead to a decrease in health inequalities. However, the findings from national and international studies confirm that socioeconomic mortality differences remained at the same level or even increased in the majority of European countries, including the Nordic countries with strong egalitarian policies (Hattersley 1997; Mackenbach 2006; Marmot and McDowall 1986; Shkolnikov et al. 2011; Strand et al. 2010; Valkonen 2001; Valkonen et al. 1993 ).
Most of the existing studies on health inequalities focus on adult ages. Meanwhile, several studies have confirmed that notable mortality differences also persist late in life (Hoffmann 2011; Huisman et al. 2004; Martelin 1994 Martelin , 1996 Olausson 1991) . There are only a few studies providing long-term data on the trends in socioeconomic inequalities in mortality at old ages. The prior findings based on the longitudinal data for Finland provide conflicting evidence about the direction of trends in inequalities at older ages. For example, Valkonen et al. (1993) have shown that, during the 1980s, educational differences in life expectancy at age 60 grew slightly for males but diminished for females. Martelin, Koskinen and Valkonen (1998) suggest that mortality differentials by education and occupation among the oldest-old (above age 80) remained unchanged throughout the 1970s and 1980s. One of the most important obstacles to studying long-term trends in socioeconomic mortality differentials at old ages is the lack of reliable census-linked data. Such data covering longer periods are available only for a few countries. Thanks to a long history of population registers, the Nordic countries maintain census-linked databases dating back to the 1960s or 1970s. The majority of studies on mortality differentials use life table or aggregated mortality measures and provide simple range measures of inequality, such as mortality rate ratios or mortality rate difference. Recently more advanced measures such as slope index of inequality (SII), average inter-group difference (AID), or Gini coefficient have been increasingly used for studying mortality differentials (Shkolnikov et al. 2011) .
With the increasing importance of "delayed aging" (Kannisto 2001) it has been understood that the conventional mean lifespan (life expectancy) measure may hide some characteristics of population health such as the most typical length of life (modal age at death) and specifics of the distribution of life span (Kannisto 2000 (Kannisto , 2001 van Raalte et al. 2011) . Both the mode and measures of life span disparity may be considered good alternatives for measuring survival at old ages, because they are much less dependent on child and premature mortality (Kannisto 2001). These two measures also provide important insights for studying old age related health issues such as survival at old ages and mortality compression (Canudas-Romo 2008; Cheung et al. 2005; Cheung and Robine 2007; Kannisto 2001) . Considering differences in mode and life span inequality also sheds more light on socioeconomic mortality differentials. For example, van Raalte et al. (2011) have shown that lower socioeconomic groups have shorter life spans and, at the same time, show higher life span variation.
This study aims to assess the direction and the magnitude of changes in mortality differences by education at old ages in Sweden and Finland over the period from 1971 to 2000. Besides conventional life expectancy at age 65, modal age at death and the life span disparity measure were used to describe more thoroughly the specifics of old-age mortality within each education group. The changes in total amount of mortality inequality were assessed using average inter-group difference (AID), which accounts for mortality in all population groups and considers the population weights of each group. Finally, age-and cause-decomposition of life expectancy differences between low and high education groups was performed in order to shed more light on the changing causal mechanisms behind mortality inequality at old ages in both countries.
Data and methods
The census-linked mortality datasets were provided by Statistics Finland and Statistics Sweden. For Finland census-based information was linked with the death registration of the five calendar years after the 1970 and 1995 censuses. For Sweden the educationspecific counts on the deceased and survivors was obtained via linkage of deaths to the 1960 and 1990 censuses. The annual data for both countries covering each of the five (Finland) or ten (Sweden) follow-up years after the censuses were aggregated to the two five-year periods (1971-1975 and 1996-2000) .
As a measure of social class we use education level, which refers to the human capital gained early in life (Mirowsky and Ross 2003) . We chose two extreme and broad education classes (high and low education) to measure the magnitude of the life expectancy gap. We believe that this restriction avoids potential biases due to: 1) changes in education systems within each country 2) cross-country differences in education systems. The 'high' education category refers to individuals with completed university or college education, whereas the 'low' education category refers to those with lower than secondary education (or whose education is unknown). Similar definitions were applied in the previous Nordic studies (Valkonen 1993; Valkonen, Sihvonen and Lahelma 1997) .
The distribution of deaths and person years of exposure is shown in Table 1 . We grouped causes of death into the following categories: 1) cerebrovascular, circulatory diseases; 2) heart diseases; 3) lung cancer; 4) breast cancer (for women) or prostate cancer (for men); 5) stomach cancer; 6) intestine cancer; 7) uterus cancer (for women only); 8) other neoplasms; 9) mental disorders, and the diseases of the nervous system (including Alzheimer's disease), senility; 10) respiratory, infectious diseases; 11) other diseases; 12) accidental falls; 13) suicides; 14) other external causes; 15) illdefined, unknown causes. Table A1 in the Appendix provides detailed information about the selected causes of death (ICD8 codes for 1971 -1975 and ICD10 codes for 1996 -2000 . The percentage of deaths due to ill-defined causes is very low in both countries (below 0.25% for both time points).
For both high and low education groups, life expectancy at age 65 and modal age at death (after age 65) were calculated using conventional methods (Chiang 1984; Kannisto 2001) . The measure of life span disparity after age 65 (the shortest age interval in which 50% of all life table deaths after age 65 occur (C50)) was calculated according to the algorithm proposed by Kannisto (2000) . This measure has an advantage over mode-or mean-based measures, such as standard deviation from the mode or inter-quartile range, because it is completely free from age scale and is more suitable for locating the greatest concentration of life table deaths (Kannisto 2000). As recommended by Kannisto (2000 Kannisto ( , 2001 , the modal age at death and C50 measure were calculated using smoothed life table deaths. The standard function loess implemented in the program R (R Development Core Team 2010) was applied for this purpose, using a low degree of smoothing.
The age-and cause-decomposition of differences in life expectancy between high and low education groups was performed using the algorithm for decomposition of differences between aggregate demographic measures (Andreev, Shkolnikov and Begun 2002) .
The full amount of mortality inequality was measured using average inter-group difference in mortality (AID). This measure is defined as the population-weighted average of mortality differences across all pairs of group-specific standardized death rates and measured as number of deaths per 1000 person years of exposure (Shkolnikov et al. 2011 ).
Results

Changes in remaining life expectancy at age 65
From 1971-75 to 1996-2000 male and female life expectancy at age 65 increased for both high and low education groups (Fig.1) . However, there were notable differences in improvement by education group: highly educated males and females benefited from more rapid life expectancy increases than lower educated males and females. Highly educated Finnish males experienced the largest improvement (4.1 years), whereas low educated Swedish males showed the least progress (only 1.8 years). As a consequence the life expectancy gap increased. In Finland the gap grew notably only among males (from 1.9 to 3.2 years), whereas the increase was negligible for females (2.0 and 2.3 years, respectively). In Sweden the gap almost doubled for males (from 1.4 to 2.7 years) and increased by about 1.5 times for females (from 2.1 to 3.2 years). Table 2 shows the changes in modal age at death (after age 65) in both countries between 1971-75 and 1996-2000. As expected, the modal age at death shifted to older ages from 1971-1975 to 1996-2000 for both education groups. The increase in male modal age at death was particularly significant for Finnish males (8.3-8.4 years for both education groups), whereas it was less important for Swedish males (1.9 and 4.2 years for high and low education groups, respectively).
Changes in modal age at death and life span disparity (after age 65)
The increase in female modal age at death was similar for both educational groups and countries (4-5 years). By the end of the period covered, highly educated males and females in both countries reached very advanced modal ages at death (around 85-86 years for males and 89-90 years for females). The modal age remained substantially lower for lower educated Finnish and Swedish males (81 and 83 years, respectively).
This disadvantage was much less pronounced among lower educated females in both countries. From 1971-75 to 1996-2000 the difference in modal age at death between high and low education groups decreased among Finnish women (from 3.7 to 2.6 years) and Swedish males (from 5.2 to 2.9 years). At the same time it remained almost the same for Finnish males (around 4.6 years) and slightly increased for Swedish females (from 1.7 to 2.1 years). Table 2 points to contradictory changes in lifespan disparity (after age 65) within each educational group. In 1971-75, with the exception of Swedish females, lifespan variation was even higher in the high education group than in the low education group. In 1996-2000 life span disparity became higher in the low education group.
For males, disparity remained at the same level or slightly increased. The most notable growth was observed among Finnish males with low education, whereas highly educated Swedish males showed a moderate decrease (Table 2) . Lifespan disparity for lower educated Finnish females and for both education groups among Swedish females remained at about the same level. At the same time highly educated Finnish females showed some decrease (Table 2) . Age-and cause-contributions to the educational difference in the remaining life expectancy at age 65 Figure 2 shows age and cause contributions to the life expectancy gap between low and high education groups. To simplify the figure the 15 categories of causes of death have been aggregated into 10 groups (tables A2 and A3 in the Appendix report the contributions of the 15 causes of death). For males it can be seen that the educational gap in Finland is much more dependent on the mortality excess of lower educated males at younger ages (65-74 years), whereas the age-specific contributions in Sweden were more evenly distributed. Among females the overall life expectancy gap was more dependent on mortality differences at oldest ages. Furthermore, the contributions of these age groups to the educational difference increased over time (Fig. 2) . In respect to the contribution of causes of death, the two countries show some common features, but some differences can also be observed. As expected, cardiovascular system diseases (heart diseases, cerebrovascular system diseases, and other cardiovascular system diseases) represent the largest contribution to the life expectancy gap between high and low education groups at all ages. However, the overall share of cardiovascular diseases decreased over time. For example, in Sweden, they explained about 70% of the total male and female life expectancy gap in 1971-75, whereas thirty years later this contribution has decreased to 60%. At the same time the importance of other causes increased. The shares of cancers (except lung, breast, and prostate cancer) grew in both countries. This growth was more pronounced for women than for men. In 1996-2000 this group of causes explained about 9% of the educational female life expectancy gap and about 6% of the male life expectancy gap. According to the literature (Strand et al. 2007 ), breast cancer usually shows an opposite social mortality gradient. Such a gradient persisted in Sweden and Finland for both time points. By contrast, the initial advantage of low educated men regarding mortality from prostate cancer disappeared.
The study also points to some differences between the two countries. The contribution of smoking-related lung cancers to male life expectancy difference between high and low education groups was much bigger in Finland (15% in 1971 Finland (15% in -75 and 13% in 1996 Finland (15% in -2000 than in Sweden (less than 2% in 1971 Sweden (less than 2% in -1975 Sweden (less than 2% in and 5% in 1996 Sweden (less than 2% in -2000 . Among women, on the contrary, lung cancer represents a smaller contribution and shows a general tendency to reverse the pattern from a situation favorable to lower classes to one where the advantage disappears, in agreement with the "smoking epidemiological transition" (Lopez, Collishaw and Piha 1994).
As for other causes of death, respiratory and infectious diseases were also important components of the life expectancy gap, especially in Finland. Finally, we found that contributions of old age related diseases (mental disorders, Alzheimer's, and senility) increased. These causes of death seem to be more important for the female life expectancy gap, especially in Sweden, where their contribution grew from slightly more than 1% in 1971-1975 to 6% in 1996-2000. 
Discussion
This study systematically examined changes in the educational gap in old age mortality in Finland and Sweden from 1971-75 to 1996-2000. In order to capture different aspects of survival at old ages we used two measures of longevity -life expectancy at 65 and modal age at death. In order to reveal possible relationships between changes in survival and the mortality compression process, we applied a measure of life span disparity -the shortest age interval in which 50% of life table deaths after age 65 occur. Simultaneous usage of the three aforementioned measures allows more objective assessment of survival at old ages than using one arbitrary chosen indicator. For example, Kannisto (2001) suggests that "as compression and rectangularization [of survival curve] advance, the mode becomes the central indicator of the length of life".
The findings show that the gap in life expectancy at age 65 increased for both sexes and in both countries. This confirms prior findings that socioeconomic mortality inequalities have also been widening at old ages. Interestingly, the educational differences in the most typical age at death (modal age at death) decreased for both sexes in Finland and for males in Sweden. These contradictory findings can be explained by peculiar features of the two measures, which capture different aspects of survival. First, life expectancy depends on mortality rates and distribution of life table deaths across the whole age range. Second, the modal age at death only refers to the most typical age at which most of the life table deaths occur and does not take the distribution of deaths, i.e., dispersion, into account. The contradictory pattern of converging modal age at death and diverging life expectancy can be interpreted in the light of increased dispersion among low educational groups. Their slower increasing life expectancy indicates that more deaths occurred below the modal age at death, which is reflected by the increased dispersion. This is consistent with the finding that greater lifespan variation in lower educated groups is largely determined by conditions causing death at younger ages (van Raalte et al. 2011 ).
The study found that the life expectancy advantage of high education groups in Sweden and Finland is largely attributable to better progress in reducing mortality at younger ages. However, despite slower health progress at younger ages, increases in the modal age at death in the low education group were either parallel with or even faster than in the high education group. The only exception to this pattern is Swedish females showing simultaneous decreases in the gaps in both measures.
The cause-specific decomposition analyses suggest the potential factors explaining the life expectancy gap in both countries. We found that, besides cardiovascular system diseases, the role of other causes of death (especially cancers) has also increased. The increasing disadvantage of lower educated males in lung cancer mortality should be of particular concern to health policy in Finland. Among females this cause of death remained less important, but it is likely that its role will increase in the near future, in agreement with the "smoking epidemiological transition" (Lopez et al. 1994; Mackenbach 2006) . Selected mental and nervous system diseases (including Alzheimer's disease) made smaller but increasingly important contributions, especially among females.
This study focuses on the life expectancy differences between two extreme educational groups (high education group versus low education group). This allowed the identification of the maximal life expectancy difference and the description of ages and causes of death responsible for the disadvantaged position of the low education group. It has been argued that such simple range measures of mortality inequality (e.g., maximal life expectancy difference or the Max/Min ratio of the SDRs) are easily interpretable and more understandable for policy makers (Mackenbach and Kunst 1997) . However, such an approach suffers from certain limitations. First, the range measures do not account for the distribution of mortality risks across all population groups and therefore do not reflect the total amount of inequality. Second, these measures also do not consider differences in population weights (Shkolnikov et al. 2011) .
Taking into account the aforementioned shortcomings of the range-type measures, we checked our conclusion concerning widening mortality inequality using a Gini-type measure (average inter-group difference (AID)). This measure confirms the notable increase in the total amount of mortality inequality by education in the two countries (Table A4 ).
The rich literature on potential determinants of educational health inequalities mortality in Finland and Sweden may provide some explanation of the observed increase in mortality differences by education at old ages. First, it is necessary to consider the differential impact of the health care system. Despite egalitarian policies it is still possible that the upper socioeconomic groups have an advantage in accessing modern treatment technologies and gain more benefit from prevention programs (Martikainen, Valkonen and Martelin 2001; Martelin 1996) . For example, some studies on inequality in access to treatment suggest that in Finland bypass operations were 35% more common among non-manual than among manual workers (Keskimaki et al. 1997) .
Second, numerous health surveys in both countries confirm that poor health status and unhealthy behaviors are much more common in lower socioeconomic classes. For example, in Finland differences in health behaviors (especially in smoking, vegetable consumption, and physical activity) explain about 54% of the educational differences in cardiovascular mortality among men (Laaksonen et al. 2008) . Furthermore, there is some evidence that socioeconomic differences in the prevalence of coronary heart disease risk factors were also increasing (Pekkanen et al. 1995) .
The persisting and even increasing socioeconomic differences in the prevalence of smoking in Finland and Sweden seem to explain at least a part of the widening mortality inequality (Lahelma et al. 1997; Cavelaars et al. 2000) . Our results, showing that cardiovascular diseases and lung cancer (which are strongly related to smoking) are two key causes of death behind the increase in the life expectancy gap, are in line with the aforementioned findings.
The study found that the importance of the selected mental and nervous system diseases (including Alzheimer's disease) may have increased, especially among females. Epidemiological literature suggests relationships between diet, pharmaceutical behavior, physical and cognitive activity, and the probability of developing Alzheimer's disease (Szekely, Breitner and Zandi 2007) . It also highlights a significant association between education and an increased risk of developing Alzheimer's disease (Karp et al. 2004) . The proposed mechanisms for this association are early life exposure associated with the status of the family and effects of lifelong mental stimulation and neuronal growth (Mortimer and Graves 1993) .
The study suffers from two shortcomings and limitations, which should be taken into account in interpretation of the results. The changing definition of educational groups is always an important obstacle for studying long-term trends of mortality inequality. This is the major limitation of our study. We believe that using only three broad educational groups allows us to achieve a better comparability of this data over time and between the two countries. However, it should be taken into account that most of the people aged 65 in 1971-1975 got their education before or during the 1920s. It is obvious that the educational system during this period was different from the system after WWII. Thus, building fully comparable educational categories is not possible, especially for less clearly defined medium and low education categories. It partly depends on how well older people reported their education according to the questions provided in more recent censuses or surveys. Potential evidence of such misclassification and technical difficulties of classifying the education of older people concerns a very small share of people with medium education in Sweden in [1971] [1972] [1973] [1974] [1975] . The main impact of this misclassification would concern trends in average inter-group difference (AID), which accounts for the population distribution by education. Therefore we conclude that a substantial share of the increase in AID is attributable to the changes in both population composition by education and definition of educational categories.
This study provides some insights into possible determinants of the increase in educational mortality differentials at old age in Finland and Sweden. Obviously, more complex analyses would require more detailed classification of causes of death. However, in this case it would be difficult to minimize potential biases due to: 1) lower quality of registration of causes of death at older ages and 2) changes in the International Classification of Diseases (ICD) or coding practices (Janssen and Kunst 2004; Meslé and Vallin 1996) .
The study suggests that several measures of survival should be used to measure socioeconomic mortality differences at old age, capturing specific characteristics of survival at these ages. In addition, more complex Gini-type measures should be used in order to account for both the full amount of mortality inequality and, especially, for notable changes in population structures. The results of this study, along with the fact that growing health inequalities at old ages should be central to public health, call for the implementation of more appropriate health policies, even in egalitarian countries.
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